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The effect of anodizing voltage (9, 45, and 90 V) on the surface properties of subtractively manufactured
(SM) and additively manufactured (AM) Ti-6Al1-4V alloys was comparatively investigated, with a focus on
barrier-type anodic oxide films. While the anodizing behavior associated with porous oxide films on Ti-
6AI-4V has been widely reported, studies on barrier-type anodized surfaces of AM alloys are limited. The
surface characteristics of specimens anodized at different voltages were examined using reflectance spec-
troscopy, X-ray diffraction (XRD), glow discharge spectroscopy (GDS), X-ray photoelectron spectroscopy
(XPS), and potentiodynamic polarization tests. Although visual differences were subtle, reflectance spec-
tra facilitated the comparison of voltage-dependent color changes and gloss variations. XPS confirmed the
formation of TiO,, Al,0,, and VOPO, on both SM and AM alloys at all voltages. GDS revealed a higher
phosphorus content in AM alloys compared to SM alloys, which may be related to the relatively lower
amount of vanadium oxides detected in AM alloys by XPS. Potentiodynamic polarization tests showed no
distinct trend in corrosion potential; however, AM alloys exhibited higher corrosion rates and passive cur-
rent densities than SM alloys. These findings indicate that the manufacturing route affects anodic oxide
chemistry and corrosion behavior, even under identical anodizing conditions.
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SURFACE CHARACTERIZATION OF ANODIZED ADDITIVELY MANUFACTURED TI-6AL-4V ALLOY

(a) SM Ti-6Al-4V

400 -
I 3804
%)
@
D 360
'9 untreated
5 ! "
T 340- %

3204

9 45 90

Voltage, V

Fig. 1. Hardness of (a) SM Ti-6Al-4V and (b) AM Ti-6Al-4V

= SMTi-6AI4V
(a)

€
=0.15
»n
0]
QC) untreated
S
20.10+
o
o | ]
) i
e L]
<2 0.05
>
]

T T T T T T T T T T T T

9 45 90
Voltage, V

420 AM Ti-6AF4V
{ (b)
400 -
T 380 - }
173
3 {
< 360 }
e
]
T 340 4 untreated
320 - f

T T T T T T T T T T T

9 45 90
Voltage, V

m AM Ti-6Al-4V
(b)
S
=0.15-
) * untreated
[72]
[0}
C
£ i
8 0.104 i
o
[0
8
& 0.05
>
wn
T T T T T T T T T T T
9 45 90

Fig. 2. Surface roughness of (a) SM Ti-6A1-4V and (b) AM Ti-6Al-4V
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Fig. 3. Color of anodized (a) SM Ti-6Al-4V and (b) AM Ti-6Al-4V

50 50 50
oV a5V 90V
(a) ——SH Ti-6AI-4V (b) —— Sl THBAI-4V] (C) —— SM THBAI-4V]
40 ——AM Ti-6AI-4V 40 |——AM Ti6AI4Y, 404 |—— Al Ti6AI-4V,
R R R
0y o) o
e 20 © 30+ S 304
& 8 £
[81 |8} [83
S 20 2 20 9 20
D [} [0)
o o o
10 10 10
0 r T 0 T T 0 r T
400 500 600 700 400 500 600 700 400 500 600 700
Wavelength, nm Wavelength, nm Wavelength, nm

Fig. 4. Reflectance spectra of the Ti-6Al-4V specimens anodized at (a) 9 V, (b) 45V, and (c) 90 V
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Fig. 5. SEM images of the surface after anodization at 9 V (a, d), 45V (b, e), 90 V (¢, f) for SM Ti-6Al-4V and AM Ti-6Al-4V
alloys
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Fig. 7. GDS depth profiles of Al, O, Ti, V, P, and S elements for (a-c) SM Ti-6Al-4V and (d-f) AM Ti-6Al-4V alloys treated at
IV,45V,90V
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Fig. 8. O 1s spectra measured by XPS for (a-c) SM Ti-6Al-4V and (d-f) AM Ti-6Al-4V alloys treated at 9 V, 45V, 90 V
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Fig. 9. Ti2p spectra measured by XPS for (a-c) SM Ti-6Al-4V and (d-f) AM Ti-6Al-4V alloys treated at 9 V, 45V, 90 V
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Fig. 10. AI2p spectra measured by XPS for (a-c) SM Ti-6Al-4V and (d-f) AM Ti-6Al-4V alloys treated at 9 V, 45V, 90 V
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